Interest in the development of bio-based waste has increased exponentially in biomedical, biodental and bioengineering applications because such waste is nontoxic, biocompatible, easily formed, and has good physicochemical-mechanical-thermal properties, elasticity, high purity, no side effects and biodegradation. Eggshell membrane is a biopolymer network of protein fibers retaining albumin, collagen and amino acid. Eggshell membrane is a good food source for bacterial Acetobacter xylinum growth to make a strong biocellulose nanofiber composite for use in facial masks and tissue engineering. The current study added different amounts of eggshell membrane powder of 0% (Bio-0), 0.01% (Bio-01), 0.05% (Bio-05), 0.075% (Bio-075) and 0.10%wt (Bio-1) into biocellulose made from Acetobacter xylinum in coconut water medium via a fermentation process. The obtained facial mask encoded Bio-1 had good physicochemical and mechanical properties. The best sample has tensile strength, elongation at break and maximum force, and good adsorption encoded Bio-1 equal to 3.229 ± 0.297 MPa, 43.350 ± 8.400% 13.466 ± 1.238 N, respectively. 
engineering can be made from various sources. Cellulose masks are obtained from natural sources such as plant product, algae, fungi and bacteria, especially the Acetobacter xylinum bacterium which is of interest because of its non-pathogenic, non-spore forming, non-toxic and biodegradable properties. A. xylinum in coconut water medium can form acetic acid and a white layer that floats above the liquid medium called Nata de Coco, which is jelly-like due to fermentation. Coconut water contains a large amount of sugar and nitrogen-containing compounds (Verschuren et al., 1999) . In addition, bacteria cellulose can be made from sugar cane and other fruit juices such as pineapple, melon, grape, apple, pear, guava and banana peel (Upadhyay et al., 2010) . Cellulose is an organic polysaccharide consisting of a linear chain of several hundred to over ten thousand β(1→4) linked D-glucose units and is widely used to make paper and textile masks (Aramwit & Bang, 2014) . The advantages of biocellulose made from A. xylinum are excellent physical, mechanical and thermal properties, purity and biocompatibility for bone tissue scaffolds, artificial blood vessels, artificial skin and dental implants (Jang et al., 2017) . The tensile strength of a single biocellulose fiber is almost comparable to Kevlar ® and steel, so that such fibers can be a suitable candidate where high mechanical performance is required (Yano et al, 2005 & Czaja et al, 2006 . Furthermore, the competitive advantages and applications of biocellulose A. xylinum have been applied in food industries, cosmetics, electronic industries, wound dressing, acoustic diaphragms of speakers and headphones, batteries and organic light emitting diodes (Barud et al, 2011; Cacicedo et al., 2016; Dobre et al., 2012; Ullah et al, 2016; Iguchi et al, 2000; Jiang et al, 2015; Legnani et al, 2008; and Hu et al, 2014) .
Biocellulose based on nanocomposites has been developed for biomedical and pharmaceutical applications (Hu et al, 2014; Butchosa et al, 2013; UI-Isalam M et al, 2013; Grande et al, 2009; and Hasan et al, 2012) . Therefore, the objective of this study was to prepare a nanofiber composite of eggshell membrane and biocellulose made from A. xylinum bacterium in a coconut water medium via fermentation. The physical and mechanical properties of the facial masks or tissue engineering made using the biocellulose nanocomposite were compared with a bio-commercial facial mask made using biomaterial.
Experimental

Materials
Eggshell with adhered eggshell membrane was supplied from CPF (Thailand) Public Co., Ltd., Nakhon Nayok province, Thailand. Raw eggshell waste was separated using an eggshell classifier. Eggshell membrane was from eggshell particles. Coconut water was obtained from a local market, Bangkok, Thailand. Acetobacter xylinum was obtained from the Institute of Food Research and Product Development, Kasetsart University, Bangkok, Thailand.
Instruments
Fourier-transform infrared (FTIR) spectra were determined using a spectrometer (Perkin Elmer, Bruker-Alpha E; Waltham, MA, USA) with a spectral resolution of 4 cm -1 in the range 500-4000 cm -1 . The samples were prepared using a single-crystal of potassium bromide (KBr) for raw material characterization.
Scanning electron microscope (SEM) micrographs and SEM nanofibers were characterized using a scanning electron microscope (JEOL-JSM-6400; Tokyo, Japan). The microstructures of the eggshell membrane (before and after grinding), a bio-commercial facial mask and the biocellulose tissue engineering or facial mask prepared in the current study were mounted onto stubs using a carbon paste and were sputter-coated to ~0.1 μm with gold to improve electrical conductivity. The acceleration voltage was 20 kV with magnifications of 50, 10,000 and 20,000 times.
Contact angle was measured using a contact angle meter (Kyowa, DM-CE 1; Tokyo, Japan). Separate droplets (using a water base) of vitamin C, vitamin E and oil were deposited onto different positions on the sample surfaces (bio-commercial facial mask and bio-cellulose tissue engineering or facial mask). The images were captured continuously at an interval consistent with the theory as shown in Figure S1 Mechanical properties (tensile strength, stiffness, elongation at break and maximum load) of bio-commercial and bio-cellulose tissue engineering or facial masks were measured using a Universal Testing Machine (UTM, H50KS; Hounsfield, UK). The samples were prepared according to ASTM D 412 as shown in Figure S2 and measured the mechanical properties according to the TIS 1056-2540.
Near infrared (NIR) spectroscopy (Bran + Luebbe, Infra Alyzer 500, Norderstedt, Germany) was used to study the NIR spectra of the bio-commercial and biocellulose facial masks in the of 1,100-2,500 nm or as wave number in the range 12,500-4,000 cm -1 .
Biocellulose Nanocomposite Tissue Engineering or Facial Mask Preparation
Eggshell membrane was classified using the eggshell classifier and ground to fine powder using a rapid ball mill for 1 hr. The eggshell membrane powder had an average particle size of 64.23 μm ( Figure S3 ). The eggshell membrane powder was cleaned using hydrogen peroxide (H 2 O 2 ) and water to eliminate impurities. Then, the eggshell powder was dried at 40°C for 20 min. The growth of A. xylinum was prepared using coconut water mixed with acetic acid, sugar and ammonium sulfate ( Figure S4 ). The mixture solution was added with eggshell membrane powder at 0% (Bio-0), 0.01% (Bio-01), 0.05% (Bio-05), 0.075% (Bio-075) and 0.10%wt (Bio-1) and then the pH was adjusted using acetic acid to 3.5-4.0 before pouring into separate Petri dishes. The formation of biocellulose tissue engineering or facial masks was allowed for 5 days via fermentation ( Figure S5 ). Functional theory suggests that the facial masks provide slow release drug delivery via diffusion and adsorption of liquid between the cell culture and the facial mask surface, as shown in Figure S5 . The contact angles of liquid droplets (oil, vitamin C and vitamin E) on the bio-commercial and biocellulose tissue engineering or facial mask surfaces were measured at the 1 st minute when the liquid droplet started to fall on the bio-commercial facial mask surface and at the 7 th minute when the liquid droplet was spreading on the bio-commercial facial mask surfaces. Figure S3 .
Figure S4
3. Results
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Three different commercial facial masks (bio-cellulose commercial, cotton and paper sheet) were used as reference samples to compare physical, chemical and mechanical properties with the obtained biocellulose tissue engineering or facial masks. The thickness and amount of water absorption were measured and are shown in Table 2 . The average thickness for the biocellulose tissue engineering or facial masks made in the current study were 0.252-0.287 ± 0.001 mm. The water absorption efficiency of biocellulose tissue engineering or facial masks (both commercial and made in the current study) was more than 70%, with the highest value (96.799 ± 1.000%) being for the sample encoded Bio-1 (0.100% eggshell membrane powder adding). The SEM micrographs for the eggshell membrane (before and after grinding) are shown in Figure 1 . The eggshell membrane before grinding showed collagen nanofibers and proteins containing many kinds of amino acid and other nutrients as food consistent with the chemical composition of eggshell membrane in Table1 useful for the growth rate of A. xylinum. Furthermore, following grinding there was increased specific surface area for good fermentation (Figure 1) .
The contact angles of liquid droplets (oil, vitamin C and vitamin E) on the surfaces of the bio-commercial and biocellulose tissue engineering or facial mask made in the current study are shown in Figure 2 Vol. 13, No. 10; 2019 16 respectively. Most of the liquid droplets on biocellulose facial mask surfaces had smaller contact angle than those of bio-commercial facial mask surfaces which indicated that the biocellulose tissue engineering or facial masks were of good quality for liquid adsorption due to high wetting ability. Figure 1 . SEM micrographs and nanofibers of eggshell membrane before and after grinding: a) 200X before grinding; a-1) 500X before grinding; a-2) 1,000X before grinding and b) 50X after grinding; b-1) 10,000X after grinding; b-2) 20,000X after grinding. Vol. 13, No. 10; Nanostructure fiber comparisons of the facial masks are shown in Figure 4 . The SEM nanostructure fiber of the commercial facial mask showed a dense, networked fiber structure, while the biocellulose tissue engineering or facial mask sample without added eggshell (Bio-0) in the membrane powder showed and opaque nanostructure and a small amount of fiber network (Figures 4b, 4b-1 and 4b-2 ). In addition, the SEM nanostructures of biocellulose tissue engineering or facial mask sample with added eggshell (Bio-1) in the membrane powder showed a porous, networked fiber structure due to the fermentation of A. xylinum with the eggshell membrane to form a nanocomposite facial mask (Figures 4c, 4c-1 and 4c-2) . The obtained results were consistent with the SEM results of the A. xylinum growth in other kinds of fruit juice (orange, grape, apple, jackfruit and guava) (Li et al, 2015; Tomita & Kondo, 2009; Ummartyotin & Pechyen, 2016; and Fu et al, 2013) . The characteristic of high porosity, networked fiber structures of biocellulose-eggshell membrane tissue engineering or facial masks are advantageous to rapid adsorption of a high amount of liquid such as vitamin C, vitamin E and oil. , the wave r was ps of C) of cm -1 . wder d the which m indicated hydrogel properties. The FTIR spectra of vitamin C, vitamin E and oil appeared at the same peaks at 920, 1159, 1464, 1750, 2867 and 2922 cm -1 belonging to ʋ (=C-H), ʋ (C-O), ʋ (C-N), ʋ (C=C), ʋ (C=N) and ʋ (-C-H), respectively. Furthermore, ʋ (O-H) of vitamin C was found in the FTIR spectrum at 3310-3520 cm -1 and the carboxylic group δ (COOH) at 863-981 cm -1 . Peaks for ʋ (C=N), ʋ (P-O) and ʋ (C=S) at 920-1109 cm -1 appeared in vitamin E. In addition, there was another peak of both vitamin E and oil at the same position of 1366 cm -1 belonging to ʋ (NO 2 ).
The FTIR spectra of the bio-commercial facial mask and the Bio-1 tissue engineering or facial masks with and without oil, vitamin E and vitamin C were characterized as shown in Figure 7 . The results for the biocellulose tissue engineering or facial masks with oil, vitamin E and vitamin C were consistent with the FTIR spectra of purity oil, vitamin E and vitamin C as shown in Figure 6 .
In the FTIR spectra of both the bio-commercial and Bio-1 tissue engineering or facial masks oil, vitamin E and vitamin C appeared at the same peak positions (Figure 8) , indicating that the obtained Bio-1 tissue engineering or facial masks made from the A. xylinum with eggshell membrane powder have potential for use as commercial facial masks. The NIR spectra of eggshell membrane powder and Bio-1 showed the same peak positions belonging to amino acid, collagen, hyaluoric acid, glucosamine and chondroitin suitable for preparation cellulose masks from Acetobacter xylinum bacterium via fermentation process as shown in Figure 9 .
Mechanical Properties of Biocellulose Tissue Engineering or Facial Masks
The mechanical properties (tensile strength, elongation at break and maximum force) of the biocommercial facial mask and biocellulose tissue engineering or facial mask with and without eggshell membrane powder are shown in Table 3 and Figure 10 . The amount of eggshell membrane powder added into tissue engineering or facial mask increased the tensile strength, elongation at break and maximum force. The best conditions (mean ± SD) occurred in the biocellulose tissue engineering or facial mask (Bio-1) by adding 0. Figure 10 . Mechanical properties of biocellulose tissue engineering and bio-commercial facial masks
Conclusion
The obtained results of the preparation of biocellulose nanocomposite fiber with added eggshell membrane powder indicate their potential to produce biocellulose tissue engineering or facial masks. There are many advantages such as biocompatibility, ease formation, good physicochemical and mechanical properties, nontoxic, elasticity, transparency, good ability to adsorption water, vitamin C and vitamin E as hydrogel-like and ability to adsorb oil. The best samples were using Bio-1which had high tensile strength (3.229 ± 0.297 MPa), elongation at break (43.350 ± 8.400%) and good maximum force (13.466 ± 1.238 N) compared to those of the bio-commercial facial masks. Furthermore, the results of the current study can be applied to various applications in advanced biomaterial products such as wound healing and dressing, regenerative tissues, periodontal treatments, tissue engineering for bone, cartilage, blood vessel engineering and skin tissue repair.
